Abstract. The present multicentre, prospective, open-label, single treatment arm study (Val-Perfect) examined the efficacy and tolerability of once-daily valsartan monotherapy (80 mg for two weeks, followed by 160 mg for eight weeks) in 195 Chinese patients with mild to moderate hypertension, using office, home, and ambulatory blood pressure (BP) monitoring. Significant mean reductions (P<0.0001) were observed in office BP from baseline to week 10, with mean sitting systolic BP (MSSBP) and mean sitting diastolic BP (MSDBP) values of 15.6±12.3 and 11.1±8.6 mmHg, respectively. The office BP control rate at week 10 was 56.9% (target MSSBP/MSDBP <130/80 mmHg for patients with type 2 diabetes or chronic kidney disease, <140/90 mmHg for others). Valsartan treatment significantly reduced mean 24-h SBP/DBP (-6.1/-4.4 mmHg; both P<0.0001) and mean home-monitored SBP/DBP (-13.3/-9.1 mmHg; both P<0.0001) at week 10. The incidence of adverse events (AEs) leading to discontinuation (1.5%) or drug-related AEs (3.1%) was low, with no instances of mortality or drug-related serious AEs. These results indicate that 160 mg valsartan is safe and effective at lowering BP in Chinese patients with mild to moderate hypertension. The significant reductions in office-based and out-of-office BP measures support the clinical relevance of moderate-dose valsartan monotherapy for effective 24-h BP control.
Introduction
Hypertension is one of the most common and important risk factors for cardiovascular disease worldwide and it has a high prevalence in Asia (1) . Despite the availability and widespread use of antihypertensive drugs, control rates of hypertension remain low (2) . The most recent Chinese national survey of blood pressure (BP) control reported a control rate of 30.6% among hypertensive outpatients (3) . Pharmacological treatment for hypertension is conventionally initiated with monotherapy. If BP control is not achieved, this may be followed by up-titration or combination therapy with another pharmacological agent. Although early introduction of combination therapy is an increasingly favoured treatment approach (4) , the use of multiple-drug combinations may not be appropriate for all patients. For patients with less severe forms of the disease, monotherapy with angiotensin II receptor blockers such as valsartan, which has placebo-like tolerability (5) , remains a viable option. Valsartan is widely used alone and in combination with other antihypertensive drugs (6) . Dose-dependent antihypertensive efficacy has been demonstrated for valsartan at doses up to 320 mg, with 80 or 160 mg as the recommended starting dose in Europe and North America (7, 8) . The antihypertensive efficacy of 160 mg valsartan has been demonstrated in several large controlled clinical trials, including VALUE and NAVIGATOR (9, 10) . However, clinicians in China typically use a once-daily dose of 80 mg to initiate valsartan therapy. Efficacy and safety data for 160 mg daily dosage of valsartan in Chinese hypertensive patients remain insufficient (11, 12) .
Efficacy and tolerability of once-daily 160 mg valsartan in
Chinese patients with mild to moderate hypertension Therefore, the present study was conducted to investigate the potential beneficial effects of 160 mg valsartan, thereby providing more evidence for its utilization in China. Screening, diagnosis, and management of hypertension are conventionally based on office BP measurements, although the clinical relevance of out-of-office BP monitoring is also well established (13) . Out-of-office BP monitoring, using home or ambulatory BP monitoring (HBPM or ABPM), is recognised as an important adjunct to office BP for assessing true BP status (4) . There is extensive evidence out-of-office BP, particularly ambulatory BP, has a superior predictive value for cardiovascular outcomes and hypertension-induced organ damage than office BP (14) (15) (16) . The objective of the Val-Perfect study was to evaluate the efficacy and tolerability of 160 mg valsartan for treatment of mild to moderate hypertension in Chinese patients. In parallel with office-based BP measurements, the present study also evaluated the impact of valsartan on ambulatory and home BP parameters.
Patients and methods
Study design. Val-Perfect was a multi-centre, prospective, open-label, single treatment arm study conducted in the outpatient clinics of 10 tertiary hospitals in China, including the Peking University People's Hospital, Peking Union Medical College Hospital, Peking University First Hospital, Beijing Chaoyang Hospital, Chinese PLA General Hospital (all Beijing, China), Ruijin Hospital, Shanghai Jiaotong University School of Medicine (Shanghai, China), The First Affiliated Hospital of Nanjing Medical University (Nanjing, China), First Affiliated Hospital of Sun Yat-sen University, Guangdong Province People's Hospital (both Guangzhou, China) and West China Hospital, Sichuan University (Nanchong, China). The study consisted of a one-week washout period for patients on pre-existing antihypertensive monotherapy, followed by a 10-week valsartan treatment period. During the 10-week treatment period, all patients received 80 mg valsartan (Beijing Novartis Pharma Ltd., Beijing, China) once daily for the first two weeks, followed by 160 mg valsartan once daily for a further eight weeks (Fig. 1A) . Treatment was discontinued if a patient withdrew informed consent, or if continuation was judged by investigators to be detrimental to the patient's well being. The present study was designed, conducted and written-up in accordance with the International Conference on Harmonisation (ICH) guidelines for good clinical practice (GCP), with the applicable laws and regulations governing clinical research in China, and with the ethical principles outlined in the Declaration of Helsinki (clinicaltrials.gov; NCT01541189). The study protocol was approved by the Ethics Committees of the participating institutions.
Patients. Patients eligible for inclusion in the present study had to meet the following criteria: Aged 18-75 year exhibiting mild to moderate primary hypertension; naïve to antihypertensive therapy or on monotherapy; and able and willing to give informed consent to participate in the study. Patients on pre-existing monotherapy were required to have a mean sitting systolic BP/mean sitting diastolic BP (MSSBP/MSDBP) of <160/100 mmHg at the beginning of the washout phase (week 1). At the beginning of the open-label treatment phase (week 0), all patients were required to have an MSSBP of 140-<180 mmHg and an MSDBP of 90-<110 mmHg.
Key exclusion criteria were: Severe hypertension (MSSBP ≥180 mmHg or MSDBP ≥110 mmHg) at the beginning of the washout period, malignant hypertension, secondary hypertension, type 1 diabetes mellitus, renal function impairment (serum creatinine >2.0 mg/dl or 176.8 µmol/l), a history of significant cardiovascular disease within the 6-month period prior to screening and a known allergy to the study product.
Study product administration and BP monitoring. The study product (valsartan) was supplied as an 80 mg film-coated tablet and was taken daily at 8:00 a.m. Patients ingested one tablet per day in weeks 0-2 and two tablets per day in weeks 3-10. At each study visit (weeks-1, 0, 1, 2, 8 and 10), office BP was measured using an electronic sphygmomanometer (HEM-7112; Omron Corp., Kyoto, Japan). This measurement was taken ~23 h after the last dose of the study product. BP was measured with the patient in a seated position, with the cuff at heart level. At the initial visit, BP was measured on both arms, and the arm with the higher BP reading was used for all visits. The mean of three BP readings (2/3 readings differing by <10 mmHg), taken at 2-min intervals, was used for analysis. Sitting heart rate was also recorded.
Home BP measurements were obtained by patients using a similar procedure and BP monitor (HEM-7112; Omron Corp.). BP was measured in the morning (before ingestion of the study product) and evening (12 h post-morning dose). HBPM was performed on the day prior to the week 0 (baseline) visit, and on five consecutive days before each follow-up visit (weeks 2, 6 and 10).
Ambulatory BP monitoring was performed over a 24-h period prior to study visits at baseline and week 10, using a validated ABP monitor (SpaceLabs 90207; SpaceLabs Healthcare, Snoqualmie, WA, USA) worn on the non-dominant arm. BP was recorded at 30-min intervals. For quality control, the monitoring time was required to be ≥20 h, with a minimum of 14 valid awake-period (8:00-22:00) readings and at least 10 valid sleep-period (22:00-8:00) readings.
Efficacy and safety evaluation. Primary endpoints were the changes in office MSSBP and MSDBP at week 10, relative to week 2 or 0 (baseline). Secondary endpoints included changes in home BP and 24-h ambulatory BP at weeks 2 and 10 relative to baseline, as well as the office BP and 24-h ambulatory BP control rates at week 10. The control rate for home BP at week 10 was also determined. BP control rates were determined according to the targets for office, home and ambulatory BP published in the 2010 guidelines for the management of hypertension in China (17). Two sets of office BP goal definitions were used: i) MSSBP/MSDBP <140/90 mmHg for all patientand ii) MSSBP/MSDBP <130/80 mmHg for patients with type 2 diabetes mellitus (T2DM) or chronic kidney disease (CKD), <140/90 mmHg for all other patients. Home BP targets were SBP/DBP <135/85 mmHg for all patients. ABP targets were 24-h mean SBP/DBP <130/80 mmHg, daytime SBP/DBP <135/85 mmHg, and nighttime SBP/DBP <120/70 mmHg, for all patients.
Efficacy analyses were performed for the intent-to-treat (ITT) population, which included all enrolled patients who received at least one dose of the study product, undergone a baseline evaluation and at least one subsequent primary or secondary efficacy evaluation. Analyses were repeated for the per-protocol (PP) population, which included all patients who completed the study without major deviations from the study protocol.
ABPM analyses included only patients who exhibited valid 24-h ABP recordings at baseline and at week 10, and whose sleep-wake schedules were in line with that of the majority of the study population. Nocturnal BP dipper status was determined from 24-h ABPM data. Patients whose nocturnal SBP showed a decrease of <10% of mean daytime SBP [(mean daytime SBP-mean nighttime SBP)/daytime SBP<10%] were classified as non-dippers (17).
Safety and compliance. Safety was evaluated in the safety set (SS; patients who received at least one dose of the study product). Adverse events (AEs) reported by patients or observed by investigators were recorded, along with their severity and possible relationship to the study product. Laboratory test results, including haematology, blood chemistry and renal function, were recorded at each visit. These were assessed by investigators for a possible relationship to the study product and for clinical significance, based on local laboratory reference ranges. Safety was assessed using AE frequency and on the numbers of patients with laboratory values that were outside normal ranges. Treatment compliance was assessed using records of actual vs. prescribed numbers of tablets ingested by patients.
Statistical methods. Sample size calculation was based on the change in MSDBP from weeks 2-10. Assuming a standard deviation of 8 mmHg for MSDBP and a dropout rate of 10%, it was calculated that a sample size of 200 was required to detect a 2-mmHg change in MSDBP from weeks 2-10, with 90% power and a significance level of 0.05 (two-sided). Paired t-tests were used to evaluate the significance of BP changes at different time-points, relative to week 2 or baseline, as applicable. Differences of paired samples were analyzed using the McNemar paired samples non-parametric test with an α= 0.01. All significance tests were two-sided unless otherwise stated. Analyses were performed using the SAS software package (version 9.2; SAS Institute, Inc., Cary, NC, USA). Data are presented as the mean ± standard deviation, unless indicated otherwise.
Results
Characteristics of the study population. The present study enrolled 200 patients diagnosed with mild to moderate primary hypertension who were either naïve to treatment or on antihypertensive monotherapy (Fig. 1A ). Of these, 197 patients initiated treatment with valsartan and were included in the SS (Fig. 1B) . A total of 179 patients completed the study, with a discontinuation rate of 10.5% (n=21) and 13 patients were excluded from the PP analysis due to protocol violations. The SS, ITT and PP groups consisted of 197, 195 and 166 patients, respectively.
Demographics and baseline characteristics of the study population are summarised in Table I . A total of 115 males (59.0%) and 80 females (41.0%) were included, and the mean age was 52.9±10.2 years. At baseline, the mean SBP was 147.3±10.4 mmHg and DBP was 94.7±6.8 mmHg. Of the total study population, 98 patients were newly diagnosed (treatment-naïve) and 97 were on pre-existing antihypertensive monotherapy (Table I) . Median disease duration was three years (range, 0-43 years).
Reductions in office and home BP. In the ITT population, mean reductions in office MSSBP and MSDBP from baseline to week 10 were statistically significant: 15.6 mmHg and 11.1 mmHg, respectively (both P<0.0001; Fig. 2) . Notably, reductions in MSSBP and MSDBP from weeks 2-10, during the 160 mg valsartan phase, were also statistically significant (MSSBP: 4.6 mmHg, P<0.0001; MSDBP: 2.2 mmHg, P= 0.0003). Mean reductions in office MSSBP and MSDBP from baseline to week 2 were 11.0 and 8.9 mmHg, respectively (both P<0.0001). Similar results were obtained for the PP analyses (data not shown).
Home BP also decreased significantly following 10-week treatment. Mean overall reductions in SBP and DBP from baseline to week 2 were 8.7 and 5.5 mmHg, respectively (both P<0.0001; Fig. 3 ). Mean SBP and DBP reductions from baseline to week 10 were 13.3 and 9.1 mmHg, respectively (both P<0.0001). Similar results were obtained in the PP analysis (data not shown).
Changes in ambulatory BP parameters. At baseline, 24-h mean ambulatory SBP/DBP was 136.3/88.0 mmHg. ABPM revealed significant BP reductions at week 10, relative to baseline. Reductions in overall (24-h), daytime, and nighttime mean SBP/DBP were all significant: 6.1/4.4, 5.6/4.0 and 7.8/5.4 mmHg, respectively (all P<0.0001; Table II ). Significant BP reduction was also observed during the final four h of the 24-h dosing interval (SBP/DBP, -6.5/-4.3 mmHg; P<0.0001). The proportion of patients with a nocturnal 'dipper' BP profile increased from 37.0% (n=57) at baseline to 48.1% (n=74) at week 10. In addition, a significant proportion (41.2%; n=40) of patients with a 'non-dipper' profile at baseline exhibited a 'dipper' profile after 10 weeks of treatment (P=0.0322; McNemar's test for paired samples).
Improvements in office, home, and ambulatory BP control rates. Office and home BP control rates were markedly increased at the end of the treatment period. Following eight weeks of treatment with once-daily 160 mg valsartan, office BP control rates increased from 42.1% at week 2 to 60.0% at week 10 (BP goal definition 1, MSSBP/MSDBP<140/90 mmHg for all patient; and Fig. 4A) . A similar increase in control rate, from 40.5% at week 2 to 56.9% at week 10, was observed using BP goal definition 2 (MSSBP/MSDBP <130/80 mmHg for patients with T2DM or CKD, <140/90 mmHg for others). The baseline home BP control rate was 26.1%. Consistent with the improvement in office BP control, the home BP control rate (target SBP/DBP <135/85 mmHg for all patients) increased from 57.2% at week 2 to 66.7% at week 10 (Fig. 4B) . Among patients who attained their office BP goals (SBP/DBP <130/80 mmHg for patients with T2DM or CKD, SBP/DBP <140/90 mmHg for all other patients) by the completion of the study, the home BP control rate was 80.4%. Overall control rates for 24-h ambulatory BP markedly increased following 10 weeks of valsartan treatment, from 11.0 to 23.4% (Fig. 4C) .
Safety and compliance.
Of the 197 patients who received at least one dose of the study product (the SS), 44 (22.3%) reported one or more AEs, the majority of which were mild in severity. The incidence of both AEs leading to discontinu- ation (1.5%; n=3) and study product-related AEs (3.1%; n=6) was low. Table III presents the types of study product-related AEs reported; of these, mild dizziness was the most frequent (1.5%). There were no instances of mortality or study product-related severe AEs. The number of patients with clinically significant abnormalities in laboratory parameters (blood lipids and uric acid) was similar at the beginning (Table I ) and the end of the study period (Table IV) . Within the SS (n=197), 177 (98.3%) patients exhibited good treatment compliance (80-120%), as assessed by pill counts.
Discussion
Antihypertensive efficacy of valsartan has been established over a range of doses, up to 320 mg/day, in North American and European hypertensive patient populations (7, 8, 18) . The results of the present study demonstrated the antihypertensive efficacy of once-daily 160 mg valsartan in Chinese patients with mild to moderate hypertension. The blood pressure reductions observed in the current study (15.6/11.1 mmHg for office SBP/DBP following 10 weeks treatment) were comparable to those obtained in previous studies (7, 11, (19) (20) (21) (22) (23) , which examined single-drug or combination valsartan therapy in patients with mild to moderate hypertension over a similar time frame. In the latter studies, mean SBP reductions between 10.2 and 16.5 mmHg were observed, whereas mean DBP reductions were between 5.3 and 10.3 mmHg. In the present study, beyond the significant BP reduction observed following the initial two-week treatment with valsartan 80 mg, there was an additional, significant BP reduction following up-titration to 160 mg for a further eight weeks. Use of ABPM and HBPM facilitates assessment of overall BP control and may contribute to improved BP management. Studies have shown that out-of-office (ambulatory and home) BP is able to predict cardiovascular events and hypertension-induced organ damage more effectively than office BP (14) (15) (16) . In the present study, a significant antihypertensive effect of valsartan was detected, regardless of the type of BP measurement (office, home, or ambulatory BPM), indicating its effectiveness in reducing out-of-office and office BP. In addition to reductions in 24-h mean SBP/DBP, significant BP reductions were also observed in the final 4 h of the 24-h dosing interval, indicating that the effects were sustained throughout the 24-h period.
Following 10 weeks of treatment, ~60% of patients were able to achieve their office BP goal. This level is similar to control rates achieved in a previous study that compared 80 and 160 mg valsartan monotherapy (up to 59%) with a single-pill combination of 5/160 mg amlodipine/valsartan (~70%), in a group of patients who had not responded to treatment with 80 mg valsartan (21) . Therefore, although certain groups of patients may require combination therapy, a substantial proportion of patients are likely to be able to achieve adequate BP control on higher-dose valsartan monotherapy (160 mg vs. the 80 mg dose currently used in China).
One important limitation of the present study is the open-label non-comparative design. A possible placebo effect cannot be excluded without a comparative control group, which ultimately weakens the reliability of the present conclusions. However, ABPM is generally considered to reflect blood pressure levels more objectively, thus potentially limiting the placebo effect. Significant BP reductions were confirmed by ABPM analyses following 10-week valsartan treatment. In addition, the present design corresponds more closely to real-world assessments of the 160 mg dose, which does not permit formal evaluation of the efficacy of this dose. Furthermore, the present results are consistent with the known dose-dependent efficacy and safety profile of valsartan in other patient populations (8, 24) . Although the relatively short follow-up period did not permit direct assessment of long-term effectiveness, the pattern of BP reduction over the course of the study is consistent with previous investigations of valsartan (18, 20) ; maximal reduction is typically detected within four weeks and persists throughout long-term therapy. Consistent with existing safety data (25) , valsartan exhibited a favourable safety profile in the present study, with a low incidence of study product-related AEs and discontinuation due to AEs (both <5%). There were no instances of mortality or study product-related SAEs.
The present results provide further evidence of a positive benefit-risk balance for the use of the 160 mg dose of valsartan, compared with the 80 mg dose, in Chinese patients with mild to moderate hypertension. Given the proven dose-dependent efficacy of valsartan across a wide dose range and its favourable safety profile, treatment with the higher dose of 160 mg may be a reasonable therapeutic option, particularly for patients with less severe hypertension.
